This study aimed to determine trace element levels (Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb) in patients with burst fractures in Van Province, Turkey.
terior and middle vertebral columns are often damaged due to high-energy axial loading, leading to repositioning of the nucleus pulposus of the vertebral disc toward the corpus. [5] In some cases, bone fracture fragments can enter the spinal canal, causing neurological deficits as well as instability. [7] [8] [9] Neurological injury has been shown to occur in 30%-90% of patients with burst fracture due to damage in the proximal portion of the spinal cord, conus medullaris, or the filaments of the cauda equina. [10, 11] The treatment of burst fractures remains controversial. Some authors propose non-surgical methods, such as resting for a while, stability, or medical treatments, unless neurological INTRODUCTION Vertebral fractures predominantly occur in young people as a result of traumatic injuries and in elderly people as a result of osteoporosis. [1] Burst fractures account for 17% of all major vertebral fractures. [2, 3] Of all spinal regions, burst fractures commonly occur in the thoracolumbar region due to its biomechanical properties and anatomical structure. [4, 5] The term "burst fracture" was first defined by Holdsworth. [6] The most frequent causes of burst fractures are motor vehicle accidents and falls from a height. The clinical criteria for spinal instability were first defined by Denise. [2] The an-deficits are presented. [12] On the other hand, the common view is that the stabilization of burst fractures should be achieved by emergency surgery, and compression on the neural tissue should be eliminated by enlarging the spinal canal if there are fractures inside the canal. [13, 14] Moreover, surgery becomes unavoidable in the presence of neurological deficits. 
MATERIALS AND METHODS

Biochemical Analysis
Blood samples (3 cm 3 ) were drawn from each participant in the morning after a 12-h fasting. Venous blood samples were placed in NF 800 tubes (Nüve-Bench Top Centrifuge, NF 800R, Ankara-Turkey ) and were immediately stored in a freezer at 4°C. Blood samples were centrifuged at 5,000 rpm for 10 min to obtain serum. The serum samples to be used for the measurement of trace element levels were stored at −80°C until analysis. Serum samples were processed using atomic absorbance spectrophotometry at Central Research Laboratory of Yuzuncu Yil University. Table 2 presents the statistical evaluation of the concentrations of Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb using Error (Mean ± Standard Deviation) or (± SH) parameters. The serum levels of trace were compared in both groups.
Statistical Analysis
RESULTS
The trace element levels of Zn, Mn, Cu, Co, and Mg were significantly lower (p<0.001), whereas those of Fe, Cd, and Pb were significantly higher in the patient group than in the control group. In addition, the levels of Zn, Mn, Cu, Co, and Mg were lower and the levels of Fe, Cd, and Pb were higher in the patient group than in the control group.
DISCUSSION
Burst fractures constitute a type of traumatic spinal injury caused by severe compression of the vertebrae. These fractures typically result from severe traumas such as motor vehicle accidents, falls from a height, or assaults. Burst fractures can occur in any part of the vertebra. A vertically directed force on the spine may lead to vertebral fractures. Trace elements, in addition to being primary constituents of biological structures, have significant roles in various diseases. They also have a crucial role in the structure of bones. Numerous studies have investigated the concentrations of trace elements. [15, 16] In the present study, the levels of certain trace elements (Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb) were measured in patients with burst fractures. The results revealed marked differences between the concentrations of these elements in patients with burst fractures and healthy volunteers.
The serum levels of all trace elements in patients with burst fractures are shown in Table 2 . Zinc (Zn) is an essential nutritional microelement and plays a significant role in the growth of humans and animals. [17] As shown in Table 2 , serum levels of Zn were lower in the patient group than in the healthy group. Although these findings were consistent with those reported by Cobanoglu et al. (2010), [11] Mazdak et al. (2010), [18] and Cebi et al. (2010), [10] they contradicted the findings reported for patients with malignant glioma by Arslan et al. [19] Although Zn has the ability to stimulate collagen synthesis in osteoblasts and activate alkaline phosphatase, these processes have a crucial role in the mineralization and calcification of bones. [20] Zn deficiency is commonly associated with numerous disorders such as retarded bone growth. [21] Intervertebral discs have the lowest Zn concentration because the peak concentrations start from the cartilage, bone, and posterior longitudinal ligaments. [22] Zn has also been shown to be effective in fracture healing. The primary role of Zn in fracture healing has been shown in diaphyseal tissues of rats that were removed 7 or 14 days after femoral diaphyseal fractures. [23] The serum levels of Fe were higher in the patient group than in the control group. This finding was consistent with that reported by Cobanoglu et al. (2010) [11] and Arslan et al.
(2011) [19] but contradicted the findings reported by Arslan et al. (2011) . [24] Oxidative stress affects the mitochondrial DNA by impairing the balance. [25] Free Fe ions, which lead to the formation of reactive oxygen species (ROS), including superoxide and hydrogen peroxide, in mammalian cells, are released via the Fenton and Haber-Weiss reactions. Fe is a physiologically important trace element; however, it is biochemically hazardous. Fe is an important nutritional element for all living organisms, and low levels of Fe may have a role in the prevention of numerous diseases such as infection and cancer. Fe deficiency may also lead to various bone abnor-malities in patients with thalassemia major. [26] The deposition of Fe in the bone marrow has been shown to cause delayed bone maturation and focal osteomalacia and to prevent local mineralization. [21] In our study, the serum levels of Mn were lower in the patient group than in the healthy group. This finding was consistent with that reported by Onyeaghala et al. [16] and Asker et al. [24] but contradicted the findings reported by Cobanoglu et al. [11] and Arslan et al. [19] Mn is a trace mineral required for bone development, and it affects the activation of superoxide dismutase (SOD) and certain other enzymes that play a key role in antioxidant defense mechanisms. [27] Therefore, in patients with low serum levels of Mn, the antioxidant activity in the organs may be reduced and thus, these patients may become susceptible to various diseases. These findings were consistent with those reported by Mazdak et al. [18] Mn deficiency leads to numerous disorders in humans such as bone deficiency, joint pain, diabetes, and dysmnesia.
The serum levels of Mg were lower in the patient group than in the healthy group. This finding was consistent with that reported by Cobanoglu et al. [11] and Asker et al. [24] but contradicted the findings reported by Arslan et al. [19] More than 60% of Mg ions may accumulate in the bones and muscles and may also be present in hydroxyapatite surfaces. Because
Mg is diffused into the components of the body, the concentration of Mg in the bones is twice higher than that in the intervertebral disc (IVD). [28] Mg deficiency may result from reduced intestinal absorption and excessive urine retention, and it is also associated with osteoporosis, diabetes, hypertension, metabolic syndrome, nephropathies, and age-related diseases. [29] Moreover, Mg deficiency may also have a role in the progression of oxidative damage.
The serum levels of Cu were lower in the patient group than in the control group. This finding was consistent with that reported by Cobanoglu et al., [11] Asker et al., and Onyeaghala et al. but contradicted the findings reported by Arslan et al. [5, 17, 19] Although free Cu+ is a potent oxidant, it may lead to certain diseases due to the production of ROS in the cells. Cu deficiency may result in osteoporosis and joint problems. [30] Although Cu deficiency may not affect the collagen content, it may lead to fragile bones in animals. [31] The serum levels of Cd were lower in the patient group than in the control group. This finding was consistent with that reported by Kellen et al. [32] and Arslan et al. [19] The amount of toxic Cd in the bones and cartilage is three times higher than that in the IVD because the end-plate forms a barrier for the removal of Cd. [28] Cd has been shown to generate free radicals via the Fenton reaction. However, in other reaction models, Cd can activate oxidative stress and produce superoxide and hydrogen peroxide radicals. [33] Cd is a mutagen in mammals. [34] The serum levels of Co were lower in the patient group than in the control group. This finding was consistent with that reported by Angelova et al. but contradicted the findings reported by Cobanoglu et al. [11] and Arslan et al. [19, 35] The serum levels of Co have been assessed in the cell culture of experimental animal and human models. [36] Furthermore, the serum levels of Co have been investigated in various organs of experimental rat models, such as testicular edema and mitochondrial cardiac muscle, and significant findings have been reported. [37] The serum levels of Pb were higher in the patient group than in the control group. This result was consistent with the reference values reported in the literature. [16, 11, 19, 24] Excessive exposure to Pb leads to accumulation in bone tissues, thereby leading to toxic levels. Moreover, increasing concentration of Pb may pose a serious risk. Although it is a severe toxic element, Pb has been shown to yield an age-related positive correlation. [28] 
Conclusion
This study determined the levels of trace elements in patients diagnosed with burst fractures. There was a relationship between the levels of trace elements and burst fractures. Therefore, we considered that the levels of Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb may be beneficial parameters for the clinical evaluation and diagnosis of burst fractures. Nevertheless, further prospective studies are needed to investigate the relationship between the changes in Mn and Zn levels and burst fractures.
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